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TECHNIQUES USED IN THE BABCOCK TEST FOR MILK 
IN THE UNITED STATES 
By E. O. HERREID and BURDET HEINEMANNa 
T HE BABCOCK TEST IS UNIQUE among chemical tests in that it is subjected to different techniques in the different states. These 
variations include the most important items in the tests, such as 
(1) methods of sampling milk from weighing tanks, (2) temperatures 
for preparing, handling, and storing fresh and pre erved composite 
samples, (3) sampling and pipetting temperatures for fresh and pre­
served composite sample, (4) temperatures in centrifuges and in 
water baths, and (5) reading fat columns. It is unlikely that any other 
important chemical test is subjected to so many different techniques 
that have been imposed by statutes and by traditional practices. These 
variations provide grounds for disputes that may involve court pro­
cedures and litigation of considerable duration and thereby disrupt 
good public relations between producer, dealer, and con umer groups. 
The desirability of standardizing the test is obvious in the light 
of these facts: 
1. Dealers and handlers use the te t as a basis for paying pro­
ducers or marketing organizations for their milk. 
2. They al 0 use the test as a basis for selling milk and cream 
and other dairy products to other dealers. 
3. Operators of milk plants need to know the fat content of their 
products in~order to check the efficiency of their operations. 
4. Variations in methods and techniques make it difficult if not 
impossible for any agency, public or private, to verify the accuracy 
of te ts of milk fat and other milk products on a legal basis. 
5. Milk and cream are shipped in interstate commerce. 
At the annual meeting of the American Dairy Science Association 
in 1946 a subcommittee was appointed to evaluate the status of the 
Babcock test and to determine ·whether it had kept abreast of other 
technological advances in the dairy industry. The subcommittee began 
immediately to obtain the facts. b 
~ach state Department of Agriculture, Board of Health, or other 
a E. O. HERREID, Professor of Dairy Technology, Agricultural Experiment 
tation, Uni"ersity of Illinois; BURDET HEIKEMANN, Director of Laboratories, 
Producers Creamery Company, Springfield, Missouri. 
bIn 1938 the Association had recommended a similar study which it could 
not carry out at that time. 
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responsible regulatory agency was asked to send to the committee a 
copy of its laws pertaining to the testing of milk. In some states the 
agency sent agricultural college publications which served the purpose 
of state regulations. The committee recorded in tabular form the tech­
niques used in sampling and testing in each state and returned the 
summary to the proper state agency for verification. An abbreviated 
summary of this study was reported in 1947w <· by the subcommittee 
(Heinemann, Herreid, Josephson, England, and Swope). The present 
more complete report brings up to date the changes in the testing regu­
lations that have been made since the 1947 report and is correct as 
of June 1, 1953. 
On the following pages the various techniques of the Babcock test 
are discussed and the differences between the states pointed out. It is 
believed that this information will promote a better understanding of 
the problem. Recommendations for standardization are given on 
pages 26 and 27. 
SPECIFYING TESTING PROCEDURES 
No specifications: Alabama (1) 
Specify Babcock te t: 36 
Specify Babcock or other method: Ark., Cali!., Fla. , 
Ill., Mass., Miss., N.J., N.Y., Okla., Utah, Va. (11) 
Thirty-six states specify the Babcock test and 11 the Babcock or 
some other method. New York and New Jersey have legalized the 
Gerber test which has not been fully appreciated and recognized in this 
country. The Wisconsin law states that it is legal to use the ether­
extraction methods, such as the Roese-Gottlieb or the Mojonnier pro­
cedures. In so far as could be determined, no other state mentions the 
legality of the ether-extraction methods. However, some state laws 
specify that other testing methods can be used with the approval of 
the regulatory official. 
WEIGHING AND SAMPLING MILK AT RECEIVING ROOM 
Weighing Tank Requirements 
No specifications: 27 Check test to verify efficient mlXlng 
Mechanical stirrers: Cali!., Maine (2) Minn., Ohio (2) 
Strainer: Conn., Del., Ind., Ky., N.C., Either use mechanical agitator or stir 
R.I., Texas, Vt. (8) each can: Wash. (1) 
No strainers, partition , or diyisions : Straight sided: W.Va. (1) 
M d., N.J., Pa. (3) Must be approved: Mont. , Oreg . (2) 
Sufficient agitation: N.H., N.Y. (2) 
*Superior figures refer to the literature citations on pages 27 and 28. 
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Efficient accounting for milk fat in a dairy plant depends on ob­
taining from the vveighing tank a sample of milk that accurately repre­
sents each delivery. Yet investigators have shO\\"n8 , 9, 10, 28 that the fat 
percentage of milk taken from different parts of the ,yeighing tank 
often varies. 
Unfortunately many state regulatory agencies have not recog­
nized the importance of the sampling problem in dairy plants. Twenty­
seven states, including some of the largest milk producers, have no 
regulatory standards for weighing tanks, and the language of the regu­
lations for some of the other states is not forceful. 
On the other hand, some manufacturers have appreciated the im­
portance of this problem and have constructed ,\"eighing tanks from 
which it is possible to obtain more representative samples of each milk 
delivery. Some of these weighing tanks are so constructed that the milk 
is adequately mixed during the pouring process. One is equipped with 
a mechanical agitator that is capable of mixing the milk properly. 
Some plant operators have equipped their "'eighing tanks with portable 
agitators, which have not always mixed the milk properly. Tanks that 
are long and narrow have proved to be the most troublesome, and port­
able agitators have not been able to mix the milk uniformly in them. 
Accurate sampling from the "'eighing tank is unquestionably important 
in accounting for fat and total solids in milk plants, and it will be­
come increasingly important as milk is cooled to lO\ver tempera­
tures on farms because more cream will rise in the cans. 
In justice to both milk producers and plant operators, the accuracy 
of sampling from weighing tanks should be verified and the results 
made avail-able to regulatory officials. 
The new system of hauling milk in tank trucks from farms to milk 
plants will eliminate all receiving equipment in some plants. The hold­
ing tanks at the farms are equipped with mechanical refrigeration 
and with agitators which are supposed to mix the milk uniformly. It is 
to be expected that under this system the emphasis by regulatory 
officials on accurate sampling and accurate measuring of the volume of 
milk will be shifted from the plant to the farm. This system should 
make it easier to obtain more accurate samples of milk for testing 
purposes. 
If full cans are delivered, it is the opinion of the "Titers that it 
~ 
should not be necessary to weigh milk at the plant. Each full can in 
good condition could be assumed to hold 85 pounds of milk or there­
abouts. Inter-dealer sales and purchases of milk in some markets have 
been made on this basis in recent years. Since milk is sold by volume 
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to consumers, it can also be purchased from producers by volume in 
full cans. Under the new tank system, milk is being purchased from 
farmers by measuring the volume and converting it to weight. 
Mixing or Stirring Before Sampling 
No specifications: 12 Butterfat to be uniformly distributed: 
Thoroughly mixed: Ala., Ark., Colo., La., Ohio (2) 
Ill., Maine, Md., Mass., Mich., Nebr., Stir thoroughly each container: Pa., 
N.Y., N.C., T enn., Wis. (13) Wash. (2) 
Representative: Calif., Del., Kans., Vigorous sti rring: S.C. (1) 
Mont., N.Dak. (5) Advisable to stir can: W.Va. (1) 
Adequate : Conn. (1) In such manner as to secure fair and 
P our back and forth or stir: Iowa, average samples : Ariz. (1) 
Ky., Nev., Oreg . (4) Immediately after dumping: Mo. (1) 
Stir 30 seconds: Minn., T exas (2) Pour through stra iner: Ind., Vt. (2) 
Contents of weigh tank or container 
shall be agitated: N.J. (1) 
Twelve states do not have regulations for mixing or stirring milk 
in the weighing tank before it is sampled, while 15 states specify three 
different more or less loosely defined methods of mixing. Twenty-one 
states specify 10 different methods in language that indicates recogni­
tion of the sampling problem, but the methods may be questioned 
because of their destabilizing effect on the fat emulsion, especially if 
the milk is not properly cooled, or because some of them are 
impractical. 
The authors believe that a state can specify that milk hould be 
thoroughly mixed by methods which will not affect the stability of the 
fat emulsion. Mixing efficiency can be verified by determining the fat 
content of samples taken simultaneously from different areas in the 
weighing tank. 
Frozen Milk Procedure 
No specifications: 25 Colo., Ill., Maine, Md., Mass., lvIich., 
Shall not be sampled: Conn., Del., jVfinn., N.H., N.J., Vt., Va., W.Va. 
Ind., Ky., N.Y ., N.C., R.I., T enn., (12) 
Wash. (9) Should not be sampled unless special 
Thawed slowly and thoroughly m ixed: precautions are taken: Ohio, Pa. (2) 
Churned Milk Procedure 
No specifications: 24 Warm gradually: Mo., Mont., Va., 
Shall not be sampled: Conn., Del., W.Va. (4) 
Ind. , Ky., La., Maine, iVId., Mass., Should not be sampled unless special 
Mich., Minn., N.H., N.J., N.Y., N .C., precautions are taken: Ohio, Pa. (2) 
R.I., T enn., Vt., Wash. (18) 
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Sampling procedures are not specified for frozen milk in 25 states 
and for churned milk in 24 states. A number of state specify that 
neither of these products should be sampled . This would appear to be 
an unfair ruling as sudden changes in temperature may at times make 
the delivery of frozen milk unayoidable. 
The delivery of considerable amount of partly churned milk would 
appear to be inexcusable because proper cooling and the delivery of 
full cans to the plant ,,,ill eliminate this defect. It is belieyed that the 
problem of churned and frozen milk can be dealt ,,,ith best through an 
educational program directed to the farmers . 
Sampling License 
Required: Ark., Calif., C%., COlin., K ot required: Ala., Ariz., Fla., Ga., 
Del., Ill., Kans., La., Md. , M ich., Idaho , Ind. , Iowa, Ey ., Maine, Mass ., 
M inn., 110., 1 IoHt., ]I," ..J.} N. llIex., 11Iiss.} Nebr.} Nev., N.Dak.} N .H ., 
iV.Y.} ]I,".C.} Ohio} Po.} R.I.} T exas} Okla., Oreg., S.C., S.D.} T enn.} Utah} 
Vt.} Va.} Wash ., WTa. (25) W is.} Wyo . (23) 
'¥hilc the fact that a tester has a license does not guarantee that the 
necessary care ,,,ill be taken in sampling milk , it does assure the pro­
ducer that the tester has been familiarized ,,,ith the importance of 
proper sampling techniques. 
CARING FOR COMPOSITE SAMPLES 
Preservative Used 
Not specifi ed: 16 M ercuri c chloride: Del.} Ill.} Ind.} La.} 
Suitable: Ariz.} Ark.} Ky .} M ass.} Jlaille} Md. } Mo. } Nlont.} N.H.} 
Oreg.} R.I.} T exas (7) Trash.} TrTa. ( 11 ) 
Solid not to exceed 1% by wt.; liquid M ercuri c chloride, potassium dichro­
not to exceed 2 drops per fl. oz.: mate, or formaldehyde: 111ich.} 
Calif. (1) Jl inn .} Ohio} Pa.} S .C.} Va. (6) 
Formaldehyde, 1 part per 1.000. or 1 0.3 g. mercuric chloride or equi"al ent: 
mercuric chloride tablet: Colo. (1 ) ST., W is. (2) 
Appro\'ed: Conn., .V.i.} ]l,T.C. (3) 0.5 g. men:uric chloride: rt. (1) 
In addition to the importance of obtaining an accurate sample of 
milk from every farmer's daily delivery, the care and handling of the 
composite sample are very important. 
Sixteen states do not specify the type of preservative to be used 
white 7 states specify only a suitable one. The preserYatiYes indicated 
by the different states are mercuric chloride, potassium dichromate, 
and formaldehyde. The preferred preservatiYe is a mercuric chloride 
tablet weighing less than 0.5 gram; each composite sample then has 
only a small and uniform amount of diluent. 
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Length of Composite Sampling Period 
Not specified: 20 14 days: Mich., Mo., Mont. (3) 
16 days: Ark., Del., Ky., La., Maine, 11 days: Conn., N.C. (2) 
Md., Mass., Minn., N.H., N.J., N.Y., 8 days : Calif. (1) 
Pa., R.I., T exas, Vt., Wash., W.Va. Twice a month: Ohio (1)(17) 
'Weekly: Tenn. 0)
15 days: Ind., Oreg., Va. (3) 
Twenty-four states use what can be interpreted to mean a semi­
monthly composite period. The semimonthly period is popular because 
it fits almost evenly into the calendar month, as 'would also a 10-day 
period. In a large milk plant familiar to one of the authors, composite 
samples were tested weekly because the management believed that 
more accurate tests were obtained than when amples were tested semi­
monthly. On the other hand, in another plant receiving Grade A milk30 
the fat tests of monthly composites compared favorab ly with those 
of semimonthly composites when both were taken accurately and held 
aat 40 ° to 50 0 • 
The American Dairy Science Association 1 in 1917 and in 1922 
stated that composite samples should be the product of not more than 
one week of milk deliyeries from each farmer . If the sampling, storage, 
handling, preserving, and testing techniques suggested in this publica­
t ion are used, a semimonthly period is sufficiently accurate for practical 
purposes. 
Quantity of Milk Taken 
Jot specified: 32 Total of 75 cc. suggested: Ohio (1) 
Not less than 17 cc.: Conn., X.C. (2) 10 to 12 cc. :::ati:3factory: WTa. (1) 
5 to 10 cc.: Kans. (1) 0.5 oz.: Ark. (1) 
At least 10 cc.: I nd., Ky., JIilln. , ~V.1'., Sufficient for 4 tests: Md. (1) 
R.I., T exas, Fl., Wash. (8) 1 oz.: Mont. (1) 
A quantity of 10 cc. of milk is suggested. The accuracy of sampling 
will not be improyed enough to justify taklng larger daily samples of 
milk; more milk will require larger bottles, more trays, and more 
storage space. 
Size of Sample Bottle 
Not specified: 29 8 or 16 oz. : Ey., La. (2) 
At least 2 oz.: Calif., Minn. (2) Preferably 8 oz.; Jld., N.H., Vl. (3) 
Not less than 4 oz.: Conn. (1) 4 oz. or 8 oz.: JIass . (1) 
Not less than 8 oz.: Ark., Del., Ind., 60z.: WTa.(1) 
N.Y., Ohio, T enn., Wash., W is. (8) Sufficient for period: 111ant. (1) 
Minnesota specifies that the completed composite sample must be 
" All temperatures a re in degrees Fahrenheit. 
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at least 2 ounces (59.1 cc.), but if a 10-cc. sample of milk is taken 
daily from each patron for 16 days, obviously a 2-ounce bottle is too 
small. Connecticut specifies that not less than 17 cc. of milk must be 
taken daily from each patron over a II-day period, which amounts to 
187 cc. Vermont specifies that at least 10 cc. of milk be taken from 
each delivery and put into preferably an 8-ounce bottle (236.6 cc.), 
which is large enough for the designated 16-day sampling period. On 
the other hand, Maryland prefers an 8-ounce bottle and a sampling 
period of 16 days, but only sufficient milk for four Babcock tests need 
be taken from each patron; recently, however, Maryland2 has recom­
mended a sampling period of 10 days, a 10- to 15-cc. dipper sample 
to be taken from each farmer, and an 8-ounce bottle. Montana speci­
fies a sampling period of 14 days, a I-ounce sample to be taken from 
each patron, and a sample bottle large enough for the period. 
The sample bottle must have a tight-fitting stopper, preferably of 
rubber, and should have a capacity of at least 8 ounces. It should carry 
the -same number as that assigned to the farmer. 
Taking Milk Samples 
Not specified: 15 From approved weigh can: Conn. (1) 
Representative or proportionate: Ala., Automatic samplers must be approved: 
Ariz., Calij., Colo., Del., Ill., Ind., N.Y. (1) 
Kans., Ky., Maine, Md., Mass., Milk thief or approved weigh tanks: 
Mich., Minn., N.J., N.C., Pa., T enn., R.I. (1) 
Texas, Va., Wis. (21) With dipper: La., Mont., N.H., Wash. 
With thief, pipette, or similar sampler: (4)
Ark., Iowa, Ohio, Vt., W.Va. (5) 
Automatic samplers are used in some milk plants, but in some they 
have been discontinued. Many plant operators have the impression 
that an automatic sampler is positive assurance that an accurate 
sample is always obtained from every milk delivery. It is important 
to remember that the automatic sampler takes a small volume of milk 
from only a very small area in the weighing tank. For this reason 
they should be checked for accuracy, which means that the mixing 
efficiency of the weighing tank should be verified. 
It can be stated emphatically that the dipper method, which is 
actually specified in only four states, is used in the great majority of 
plants where milk is sampled for fat testing. The reliability of the 
dipper or aliquant method of sampling depends on three conditions. 
First, that the amount of milk delivered to the plant does not vary 
beyond the daily fluctuations for individual herds. Second, that changes 
in the fat percentage of milk are gradual over any testing period, 
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except for the rather rapid decrease in the fat percentage of milk that 
occurs in early summer. Third, and most important, the fat must be 
uniformly di tributed at the time of sampling. 
Aliquot sampling is theoretically sound, but it is impractical be­
cause the floors of weighing tanks vary in shape and in depth. Further­
more an aliquot sampler has not been devised that is as simple, reliable, 
and as easy to use as is the dipper sampler. Aliquot sampling ,,"auld 
also require composite bottles of different sizes with preserYatiYe in 
varying amounts because daily milk deliveries from farmers fluctuate 
during the seasons of the year. 
Mixing Daily Additions 
Not specified: 22 Rotary motion and im'erting: La., 
Gentle rotary motion: Calij., Conn. , ..11aill e (2) 
Del., Ind., I{y., Mass ., N.H., N.J. , Should not be rotated: Md. (1) 
N.Y., Ohio, R.I., T exas, Vt., Va., Gently tipped: TVash., rv.va. (2) 
Wis. (15) Mixed: Ark., Mont. (2) 
Shaken to insure thorough mixing: ~eed not be mixed: Ill. (1)
Colo., Mich., Minn. (3) 
Each daily sample of fresh milk should be mixed into the preserved 
composites. Gently rotating or inverting composite bottles which have 
been refrigerated at 40 ° to 50 ° does not yisibly injure the stability of 
the fat emulsion over periods of 15 and 30 days.:3o 
Storage Conditions 
Not specified: 18 Cool. clean, sanitary place: Kans., 
Cared for or presen·ed in a manner to jV .Jl ex., R.I., T exas (4) 
insure accurate test thereof: A riz., Cool, away from strong light: Ky., 
Mass., W.l'a. (3) Maine, Mich ., N.lI., N.C., rt. (6) 
60° or below: Calij., Md. (2) Below 55° : N.J. (1) 
32°-40° : Conn. (1) Preferably refrigerated: Ark. (1) 
40°-50° : Del., I daho, N.Y., Ohio, 35°-550 : La. (1) 
Wash. , Wis. (6) Protected from extreme t emperature : 
Protected against high temperature: M alit. (1 ) 
Ind., ..1Iinn., Oreg. (3) Stored at not more than 50° : Ill. (1) 
The care of composite samples received early con ideration by Bab­
cock6 who recommended keeping them cool. The American Dairy Sci­
ence Association l in 1917 and in 1922 specified that composite samples 
should be kept cool. Sanmann and Overman24 , 25 showed that composite 
samples should be stored at 50 ° or lmyer. It is only within recent years 
that some states have specified low storage temperatures for composite 
samples. For many years, howeyer, some milk companies have stored 
composite samples at 35 ° to 50 °. 
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Holding Time After Testing 
Not specifi ed: 12 3 days: I daho, Ky. (2) 
1 to 2 days: Ark. (1) 2 days: Ariz., Iowa, Miss., Oreg. (4) 
5 days: Calif., Ill., M aS8., R.I., Wis. 1 day: K ans., 11Iich., l1Iinn., Nev., 
(5) T exas (5) 
10 days: Colo., Del., .M 0., 1\'.1'., Pa., 7 days: Ind., Maine, Md., N.C. (4) 
V t., Wash. (7 ) 4 days: N.H., T enn . (2) 
Until last sample has been added to "Period of t ime specifi ed by Law": 
succeeding composite: Conn., La ., Ohio (1) 
Mont., N.J. (4) 12 days: W.va. (1) 
Composite samples are held in the plant after they have been tested 
for fat to give regulatory officials an opportunity, if they wish, to 
verify the accuracy of the tests. It has been shovvn30 that composite 
samples can be verified once 'with a high degree of accuracy, provided 
they have been properly refrigerated during the collecting period 
and during the subsequent holding period. A holding period of 5 days 
after the samples have been tested, excluding holidays and Sundays, 
should be sufficient. 
PREPARING COMPOSITE SAMPLES FOR TESTING 
Sample Amounts 
Not specified: 10 17 .6 cc.: Nev., N .J., N .C., R.I., T enn., 
18 g. or 17 .6 cc.: Ark., Kans., Minn., Vt., Wis. (7) 
Mont. , N ebr., N.II. , Oreg., TTa., W yo. To deli,"er 17.5 ml. or to conta in 17.6 
(9) ml. at 68 ° : Maine, N.Y., W.va. (3) 
18 g. with 17 .6 cc. pipet: Ill. (1) 17.5 m l. - drain 5 seconds - blow last 
17.6 cc. - blow last drop: Cali]., Colo., drop : Md. (1) 
Conn., Del., I nd., I owa, Ey., AIass., 17.5 cc.: Ariz., La. (2) 
Mich., Mo., Ohio, Pa., S.Dak., 'Texas, 
Wash . (15) 
Obviously the states that specify 18 grams as being equivalent to 
17.6 m1. or even specify 17.6 m1. are in error, assuming an average 
specific gravity of 1.032 for milk (18.1632 grams). It is more accurate 
to state that the pipet should deliyer 17.5 m1. 
Babcock4 specified that the pipet should contain 17.6 cc. when the 
upper surface of the milk coincided ,vith the mark on the draw tube. 
The A.O.A.C.3 (Association of Official Agricultural Chemists) in 1916 
specified that the pipet should deliyer 17.6 cc. of water at 68 0 Since• 
1925 the A.O.A.C.3 has specified that the pipet should contain 17.6 cc. 
In 1922 the American Dairy Science Association l specified the capacity 
of the pipet as 17.6 cc. of ,vater at 68 0 Assuming a specific gravity of• 
1.032 for the milk, the present 17.6 cc. pipet will deliYer, on the aver­
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age, about 17.44 cc. of milk, which is very close to 18 grams (17.9981). 
The reasons \\"hy the ADSA and the A.O.A.C. departed from Babcock' 
original specification4 for the milk pipet are not given in the literature. 
Babcock4 v,'isely specified the amount of milk required for the 
sample as 18 grams, being equal to 17.44 cc. of ayerage specific gravity, 
1.032. This obviously implies that the pipet should be calibrated to 
deliver 18 grams of milk within a narrov{ temperature range with all 
tolerances considered. Babcock left no doubt as to the importance of 
the quantitative specification for the pipet, and the ADSA and the 
A.O.A.C. have wisely specified 18 grams of milk. It is scientifically 
sound to specify that a pipet holding 17.6 cc. shall be used, provided 
the temperature of the milk is also specified. If milk is pipetted with­
out regard to temperature, significant errors will result. 
Preparing Temperatures 
N at specified: 18 95°-100° : .lId., A·.J., N.Y. (3) 
at to exceed 90° : Ark. (1) Xat to exceed 100° : J[ass ., Ill., Wis. 
Not to exceed 95° : Calif. (1) (3) 
Gradually heat to 100° : Colo., Del., H eat to 110° : N.C., T enn., l 'a. (3) 
Ind., Maine, Mich., Minn. , N.H., Pa., No higher than 104° : Ohio (1) 
R.I., S.D., Vt. , Wash. (12) 85° -110° : 1I".va. (1) 
95°-105°, at risk of tester: Conn. (1) Heat to 100° : La., Mo., .1Iont. (3) 
30-minute bath at 90° : Eans . (1) 
Thirty states specify that composite samples should be heated to 
temperatures higher than those indicated by the A.O.A.C.3 for fresh 
samples of milk (60 0 to 70 0 ), and the temperatures are ap slightly 
belmv or above the melting point of the fat. (The A.O.A.C. has not 
specified temperatures for preserved composite sample.) Temperatures 
of 95 0 to 100 0 have been found satisfactory by a number of in­
vestigators. 
Temperature of Water Bath 
N at specified: 22 100° : La., Minn. , lVI ont., N.H., Pa. (5) 
90° : Ark., Cali]., Kans. (3) 120° : N.Y. (1) 
122° : Conn. (1) 85°-110° : W.va. (1) 
105° : Del., Ky., Mo., Ohio (4) 100° -110° : j\!.J. (1) 
110° : Md., ATebr., S.Dak., T exas, V t., Hot water: Colo. , Ind., T enn. (3) 
Va., Wash. (7) 
In some states there are inconsistencies between the temperature 
desired for the composite sample and that of the water bath. For ex­
ample, New York State indicates a temperature for composite samples 
of 95 0 to 100 0 , but specifies a water-bath temperature of 120 0 ; Con­
necticut provides for a temperature of 95 0 to 105 0 for the composite 
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sample and a water-bath temperature of 122 0 South Dakota, Vermont,• 
and "\Vashington show less yariation between the two temperatures­
100 0 for the samples and 110 0 for the ,vater bath . Colorado and In­
diana specify a sample temperature of 100 0 and that the water bath 
should be hot. It would seem that the bath should bring the composite 
samples to 95 0 to 100 0 in a reasonably short period and that the water 
need not exceed 105 0 ,vith automatic temperature controls. 
Mixing or Stirring Before Pipetting 
Not specified: 17 Mix: N.C., R.I. (2) 
Lumps thoroughly brokcn up: Ariz. (1) Do not shake vigorously - use rubber 
Pour back and forth: Ark., Conn., disk: T exas (1) 
Del., Iowa, Kans., Ky., JIaine, J1!d., Thoroughly mixed: Ill., La. (2) 
jltlich., Minn., 111ant., N.J., N.Y., Use brush to loosen cream and pour 3 
Ohio, Pa., S.Dak., Wash., Wis. (18 ) times: N H. , Vt. (2) 
By stirring or pouring back and forth: Pour back and forth; use rubber disk: 
Ind., Tenn. (2) Calif. (1) 
Gentle rotary motion: Mass., Mo. (2) 
A rubber disk or a rubber-coyered plunger is probably better than 
a brush , as some fat might stick to the bristles of the latter. The sug­
gested procedure is to first use the rubber disk, if necessary, and then 
pour back and forth four times. 
Pipetting Temperature 
ot specified: 14 60°-100° : N.Y. (1) 
50°-70° : Ariz., N.C. (2) 68° : Maine, Minn., Mo. (3) 
70°-95° : Calif. (1) About 70° : Ill., Mass., R.I., Vt. (4) 
65 °-75° : Colo. (1) 55°-70° : Mich., Va. (2) 
60°-68° : Conn. (1) 50°-100° : Pa. (1) 
55°-650 : Md. (1) Not O\'cr 110° : Tenn. (1) 
100° : Del., Ind., La. (3) Warm: Texas (1) 
60°-70° : Iowa, Mont., N.J., Ohio, 85°-110° : W.Va. (1) 
Oreg., S.Dak., Wash. (7) 95°-100° : Ky., NH. (2) 
90° : Kans. (1) Cool to 70° : Wis. (1) 
The temperature of the sample at the time of pipetting it into the 
test bottle is one of the most crucial and important steps in the Bab­
cock test. The states of Delaware, Indiana, Louisiana, West Virginia, 
Kentucky, New Hampshire, and Kansas specify pipetting temperatures 
that are near or above the melting point of the fat, while California, 
New York, Pennsylvania, and Tennessee indicate temperature ranges 
below and above the melting point of the fat. Most of the remaining 
states specify pipetting temperatures of near or within the range of 
60 ° to 70 0 • 
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Every st.ate that f:pecifies a water-bath temperature indicates that 
it should be near or above the melting point of the fat, yet many of 
these same states specify that the milk should be pipetted at tempera­
tures of about 60 ° to 70°. This means that the samples mu t be cooled 
through a temperature range in which the fat emulsion is very suscep­
tible to churning. Since these churned fat particles are adhesive, some 
of them will stick to the inside of the sample bottle and to the pipet 
and so 'will not be delivered into the test bottle. Obviou::ily the resulting 
fat test of the milk will be too low. A more accurate procedure is to pi­
pet the composite samples at 95 ° to 100°, whether they are physically 
normal or partially churned, because the fat is liquid at that tempera­
ture and is much less adhesive. This means that the size of the sample 
"vill be less than 18 grams, or about 17.91 grams,lG but it is better to 
accept this error than to take the chance of contracting a larger one 
that would result from pipetting partiall:y churned samples. 
The adherence of many states to pipetting temperatures for pre~ 
served composite samples below the melting point of the fat is prob­
ably due to the fact that the A.O.A.C. has for about 35 years :{ specified 
temperatures of 60 ° to 70 ° for unpreserved milk. 
Milk should be pipetted into a test bottle 'which has the same 
number as that given to the composite sample bottle. This greatly re­
duces the chances for errors in recording fat te ts. 
PREPARING FRESH SAMPLES FOR TESTING 
Sample Amounts 
Not specified: 29 
17.6 cc - blow last drop: Colo., Conn., D('l., 
Ind., Ky., La., Maine, il,ld., jl1ass ., 1 [0., N.J., 
N.Y. , Ohio, S.Dak., T exas, Ulah, Ft. , TFash. (18) 
17.5 cc.: .11011,t. (1) 
Twenty-nine states do not specify the amount of the sample for 
fresh milk, compared with ten states not specifying the amount of the 
sample for preserved composite milk. Eighteen states specify 17.6 cc. 
and that the last drop should be blmvn out of the pipet, and fifteen 
states have the same regulation for composite samples; however, it is 
evident that some states do not have consistent specifications for the 
size of the sample for fresh and for preserved samples. lVlontana is the 
only state that specifies a 17.5 cc. sample. 
It is probable that the variations in sample size among the states 
can be attributed to the changes that have been made by the ADSAI 
and the A.O.A.C.3 
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Preparing Temperatures 
Not specified: 33 Adjust to 55°-65° : jlI d. (1 ) 
In water bath: Colo ., 1\'.1'. (2) vYarm to about 70° : J1ass., T exas, Vt. 
Mix thorough ly: COlin. (1) (3) 
Adjust to 60°-65 ° : Del. (1) ",Vater bath for 50 minutes at 60°-70° : 
Adjust to 59°-68° : Maill e, .110., Utah S.Dak., H' ash. (2) 
(3) H eat to 68°-70° : L a., .1lont. (2) 
Thirty -three states do not indicate the temperature for preparing 
fresh samples as compared with 18 states not indicating temperature 
for composite samples. The temperatures indicated, for the most part, 
are near or \\'it hin t he range specified by the A.O.A.C.3 for the past 
thirty-five years. Sout h Dakota and Washington specify 50 minutes 
at 60 ° to 70 °, which is unnecessarily long. 
Since 1925 t he A.O.A.C.3 has specified t hat the samples should be 
adjusted to 68 ° ; if lumps of cream are present the samples should be 
heated to 100.4° and t hen cooled to 68° before pipetting. The ADSA 1 
in 1917 specified t hat abnormal samples f:hould be heated to 120.2°, 
mixed t horoughly , and pipetted at once. 
Sampling Temperatures 
~ot specifi ed: 27 68° : L a., M aine, Ala., Utah (4) 
65°-75° : Colo. (1) 55°-65° : M d. (1) 
60°-68° : Conn. (1) About 70° : Jlas.'). , T e':ras, Vt. (3 ) 
60°-65° : Del. (1) 56°-68° : M inn. (1 ) 
55°-70° : Ind., .Ifich. (2) 60°-100°, prefer 60°-70° : .IVT. (1 ) 
60°-70° : Ky., MonL,N.l., Ohio,S.Dak., 
lVash. (6) 
Twenty-seven states do not specify the temperature for sampling 
and pipetting milk. vVith the exception of Nevv York, t he remainder 
of the states specify temperatures near or within the range indicated 
by the A.O.A.C.3 
The recommended temperatures for fresh samples are 95 ° to 100°, 
the same as those for composite samples. In the interest of accuracy 
and of standardized procedure, it is inconsistent to use one temperature 
for pipetting composite samples and another temperature for pipetting 
fresh samples as is now being done in many states. 
The A.O.A.C.3 in 1908, 1916, and 1920 and the ADSA1 in 1917 
~ 
emphasized the importance of careful mixing until a homogeneous 
sample was obtained. The authors suggest the same procedure as that 
for composite samples - use a rubber disk, if necessary , to loosen the 
fat and pour sample back and forth four t imes. 
• 
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TESTING 
Licenses Required 
Yes: 40 
Not spec ified: Ga., Jiaine, Okla ., 
S.C., S.Dak., Utah, lr1·S., Wyo. (8) 
Some states haye published pamphlets 'which giye detailed informa­
tion on what candidates for a tester's license are expected to know 
and be able to do in order to pass an examination. On the other hand, 
a number of states put forth very little effort to train their tester, and 
consequently a tester 's license is such state ' does not represent a high 
degree of proficiency in conducting the test. In general, requiring 
testers to be licensed does giYe some assurance that they have been 
at least familiarized with the general principles of the Babcock test. 
Specific Gravity of Acid 
Not specified: 14 1.82-1.83: Cali!., Ind., Iowa, L a., .11ass., 
Proper strength: Ariz. (1) Jlich., Jlont., N ebr., N.H., N.C., 
Wis. (11)1.8253 to 1.8263: Colo. (1 ) 
1.82-1.83 at 68° : Ark., Conn., Ill ., AId., 1.82-1.83 at 59° : N.J., R.I., S .C., T enn., 
Minn. , 1110., Ohio, T exas, Utah (9) Ft ., Va. (6) 
1.82-1.83 at 60° : Del., 111aine, Pa. (3) 1.820-1.825 at 68° : N.Y. (1 ) 
1.825-1.830 at 60° : Wash. (1) 1.82: W .ra. (1) 
All states that specify the strength of the sulfuric acid indicate a 
specific gravity of 1.82 to 1.83 at 59 0 to 68 0 Colorado specifies the • 
strength of the acid to the fourth decimal place, which is beyond the 
range of accuracy of the conventional hydrometer. For testing purposes 
the strength of the acid need not be stated beyond the second decimal 
place and for most purposes is significant to only the third decimal 
place when measured with a hydrometer. Since 1925 the A.O.A.C.3 has 
stated the specific gravity of the acid as 1.82 to 1.83 at 68 0 • 
Acid Temperatures 
ot specifi ed: 13 60°-70° : I owa, Mont ., N.J'., N.C., Ohio, 
70° : Calif., La., Mass ., Nebr ., N.H., S .Dak., 'l. 'enn., T exas, Wash., W.va., 
R.I., Vt. (7) Wyo . (11) 
59 °-68 ° : Maine, Mo. , S.C., Utah (4)65 °-75° : Colo. (1) 
55 ° -65 0 : 111 d. (1)60°-68° : Conn. (1) 
60° -65° : Del., Wis. (2) 65°-68° : M inn. (1) 
55°-70° : 111d., Mich., Va. (3) 50°-100°, 50°-70 ° preferred: Pa. (1) 
68°-72 0 : N.J. (1) 65°-70° : Ark., Ill. (2) 
Unquestionably the temperature of the acid is important in ob­
taining clear fat columns. The A.O.A.C.3 8pecifies temperatures from 
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59 ° to 68 °, and the ADSA] temperatures of 51 ° to 70 °. Experience 
and experiments1 ', ]9 have shown that an acid temperature of 68 ° to 
70 ° is satisfactory and practical. 
Amount of Acid 
Not specified: 11 About 17.5 cc.: Ala., Ark., La ., Mo. 
(4)17.5 cc.: Colo., Conn., Del., Ill., Ind. , 
I owa, Eans., .Maine, .lId., Jfass., Approximately 17 .6 cc.: Nebr. (1) 
Mich., Minn., .110nt., N.II., N.J., Variable to secure clear fat column: 
N.C., R.I., S.Dak., Tenn., Texas, I\.y., S.L, Po. (3) 
Utah, Ft., Va., Wash., lCVa., W is., 15-17.5 cc.: Ohio (1) 
Wyo. (27) 17.0 cc.: S.C. (1) 
Unsatisfactory and dark fat columns arc almost certain to occur 
if 17.5 cc. of sulfuric acid at 70 ° and of specific gravity 1.82 to 1.83 
are added at one time to a test bottle which contains milk at 90 ° to 
100°. There is danger of darkening the fat columns \yith 17.5 cc. of the 
acid when the milk is at even lmver temperatures. Adding acid at 90 ° 
to 100° is almost sure to cause excessive darkening of fat columns. 
The color of the fat column is affected by the amount, strength, and 
temperature of the acid, and these factors may be related to the ac­
curacy of the test. Bailey' reported a few data which showed that 
colorless fat columns obtained by using weaker acid read about 0.05 
to 0.1 percent lower than columns obtained \vith stronger acid. 
The A.O.A.C.3 has specified that 17.5 cc. of acid be used, and in 
1916 and 1920 stated that the error in volume for acid measures should 
not exceed 0.2 cc. 
Adding Acid 
Not specified: 20 Hold bottle at angle: Del ., Ky., Maine, 
Hold bottles at angle and rotate: .1lass., Nebr., NT., Ohio, Pa., S.C. 
Colo., Ind., Iowa, Md., Minn., Moni., (9) 
N.H., N.C., S.Dak., Trash., WTa., Rinse down milk, allow to stand 1-3 
(11) minutes before centrifuging: Vi. (1) 
Down neck of bottle - preferably not Small portions, washing curd from 
all at one time: Conn., Mo., N .J ., neck: Ill. (1) 
Texas (4) All at one time: La. (1) 
Add slowly: Mich. (1) 
Since 1925 the A.O.A.C.3 has stated that the acid should preferably 
not be added all at one time. The usual practice is to add all the acid 
at 'Once to each test bottle and to usc enough acid to obtain clear fat 
columns. 
As soon as the acid is added, it is important to quickly mix the con­
tents of the test bottle for about three minutes. This can be done most 
efficiently with mechanical shaking devices that are now available. 
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After the acid is added, each bottle is immediately placed on the 
shaker, which not only saves time but also standardizes thi step in 
the Babcock test. The bott.!cs should be placed in the centrifuge in the 
same order that they v,ere placed on the shaker, care being taken to 
allovv the same time for each bottle. 
Centrifuging Procedure 
1'\at specified: 10 5 minutes; place in water bath 5 min­
5 minutes; 2 minutes; 1 minute: Ariz., ut C's; cC'ntrifuge 2 minutes; 1 minute: 
Calif., Colo., Conn., Del., Ill., Ind., Ark. (1) 
Kans., Ey., La., Maine, .lId., Mich., 4 to 5 minutes; 1 minute: Iowa (1 ) 
~Minn., 1 Iont., JIo., Nebr., N.H., 5 minute . .;; mix thoroughly; 2 minutes 
N.C., N.J., N.Y., Ohio, Po., R.I., S.C., to 1 minute: .11ass., Ft. (2) 
S.Dak., T enn., T exas, Utah, Fa., 5 minutes or more for first; 2 minutes 
W.Va., Wis., Wyo. (33) for second; 1 minute or more for 
third: Wash. (1) 
Thirty-three states specify that the milk test bottles should 1'>e 
,vhirled in the centrifuge for consecutiye periods of 5 minutes, 2 min­
utes, and 1 minute, with water to be added after the first and second 
whirling. It is questionable ,,,bethel' the modification~ indicated by 
five states have any particular advantage. Three whirling periods of 
4 minutes, 2 minutes, and 1 minute '"ere stated by the A.O.A.C.3 from 
1908 through 1920. In 1917 the ADSA' specified whirling periods of 
5 minutes, 2 minutes, and 1 minute, and the A.O.A.C adopted this 
standard in 1925. 
Centrifuging Speeds 
N at specifi ed: 10 14 in., 900 RPM: 20 in., 750 RPM: 
Standard: Ariz., Ark., Calif., Colo., Kan s. (1) 
Conn., Del., Ill., Ind., Iowa, Ky., La., 12 in., 1,000 RPM: 18 in., 800 RPM: 
Maine, Md., "Mass., .11ich., .11 inn., T'a. (1) 
Mo., NIont., Nebr., N.H., N.J., 1\ .1"., Belt dri,·en not permitted: W .Va. (1) 
N.C., Ohio , Oreg ., Pa., R.I., S.C., 
T enn., T exas, Utah, Ft., B·ash., 
W.Va., Wis. (35) 
Thirty-five states specify the speed of the centrifuge as standard, 
which is assumed to be that indicated by the A.O.A.C. 
The A.O.A.C.3 in 1908, 1916, and 1920 stated that the centrifuge 
should be operated at speeds in accordance ,,,ith the diameter of the 
wheel. In 1925 it specified the revolutions per minute for wheels of 
different diameters, and the diameter ,,,as defined as the di tance 
bebveen the inside bottoms of opposing horizontal cups through the 
center of rotation. In 1922 the ADSA1 specified an attached speed in­
dicator and this specification was adopted by the A.O.A.C.3 in 1925. 
In so far as is know·n, only t,,,·o inve tigators19 , 32 have reported the u e 
of centrifuges equipped with attached speed indicators. 
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Herrington21 has calculated the relative forces in centrifuges of 
different diameters at different points in the test bottle ,,,hen they 
were operated at officially designated speeds. He states that the use of 
10- and 12-inch machines should be discontinued because the force is 
not sufficient at the neck of the bottle to quickly remove emulsified im­
purities, and that it might be advisable to discontinue use of the 
14-inch machines for commercial and for official te ting. 
Centrifuging Temperatures 
Not specified: 26 130°-140° : Ark., Ill., JId. , N.C., S.Dak., 
140° -165° : Calif. (1) Wa sh. (6) 
131 0 : Conn., Minn., .110., Ohio, S.C., rnlwated if ]'oom i" warm; heated if 
Uiah, W.l'a. (7) room is cold: JJich. (1) 
Warm: Wis. (1) 135°-150° : NT. (1) 
120° : Ey . (1) 140°-150° : La . (1) 
About 140° : Del., ~Y.H., rio (3) 
The A.O.A.C. 3 in 1925 stated for the first time that the centrifuge 
should be heated electrically or ot.her'vyise to at least 131 0 during the 
whirling process. Historically, it is interesting that the centrifuge de­
scribed by Babcock4 had a container in which ,Yater could be heated 
to the boiling point during the whirling process. 
Adding Water Between Whirlings 
?\ot specifi ed: 15 
Soft: Ark., Colo., Conn., Del., Ind., Iowa , Ey., J1Iaine, 1.11d., 
:11a.';s., .l1ich., 1l1inn., .110., S.Il., X.J., ]..- ..11cx ., NT., JV.C. , 
Ohio, P(l., R.I., S.C., S.Dak., T enn., T exas, Uiah, Vt., Va. , 
Wash., lr."Va., HTis., Wyo. (32) 
Tap water, preferably soft: La. (1) 
The ADSA in 1917 1 and the A.O.A.C.3 in 1925 specified that soft 
water be added between whirling;...:. Since distilled ,,-ater is used for 
many bacteriological and chemical tests in the laboratory, it "'ould 
seem reasonable to insist that it be also used in the Babcock test. 
Water Temperatures Between Whirlings 
Not specified: 12 135°-200° : Ey., T enn. (2) 
Hot: Ark., Iowa (2) Abo\"c 160° : La., 111ass., N.H., R.1., r t ., 
t400-165° : Calif., M ich. (2) (5) 
180°-212° : Colo., ]{ans., JV cbr., .\' .1. 1ex. 150° -200° if unheated centrifuge 1S 
(4) used: 1\'.1'.(1) 
140° : Conn., Del., Ill ., Ind., .11(linc, 140°-150° : S.Dak., ·Wash. (2) 
Minn., JIo., 2\10nt ., X.J., X.C., Ohio, Aboye 150° : W.va. (1) 
Pa., S.C., Texas, ULah, Wis., Wyo. 
(17) 
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The wide range in water temperatures indicated by the states­
from 135 ° up to 212 ° - may have been due to the changes made by 
official organizations such as the ADSA and the A.O.A.C. From 1908 
through 1920 the A.O.A.C.3 specified that boiling water be added be­
tween whirlings. In 1917 the ADSA1 specified the addition of "vater at 
140°, and this change ""as adopted by the A.O.A.C. in 1925. It is in­
teresting to note that Colorado, Kansas, Nebraska, and New :Mexico 
indicate temperatures of 180° to 212 °, but temperatures would always 
be below 212° in these states because of the altitude. 
Temperature of Water Bath 
at specified: 6 :xot less than 135° : Idaho, 1\..0 li S. (2) 
130° -140° : Ariz., Ark., Calij., Ill., I owa, 125°-140° : JIiss . (1) 
La., .1 1ass ., NI inn., .110., 1 10nt., N ev ., 120°-135° in Jaw, 135°-140° in circular: 
Oreg., Texas, Fa., vryo. (15) lYebr. (1) 
130° : Colo. (1) 120° : N.JI ex. (1) 
131°-140° : Conn., Maine, S.C., Utah 135°-145° : N.C. (1) 
(4) 135°_140° in law, 130°-140° in circular: 
135°-140° : D el., Ind., Ky., JId., M ich., Pa. (1) 
N.H., N.J., N.Y., Ohio, R.I., T enn., 130° -145° : W.11a . (1) 
VL., lVash ., Wis . (14) 
The specified temperature of the v;ater bath varies from a low of 
120 ° to a high of 145 °. In both Nebraska and Pennsylvania there is 
variation between the statements in the law and those in the publica­
tions of the colleges of agriculture . 
The A.O.A.C.3 in 1908 stated that the fat column should be read at 
129.2° to 149.9 ° and in 1916 and 1920 that it should be read at 134.6° 
to 140°. The ADSAl in 1917 first specified a water bath \"ith ther­
mometer and equipment to insure proper temperature control at 134.9° 
to 140°. 
The temperature of the water bath is important because extreme 
differences in temperature can cause differences in the fat readings. 
J enness and Herreid23 have shmvn that variations due to differences in 
the reading temperature can be accounted for, on the ayerage, by the 
expansion or contraction of the column of fat. 
The accuracy of the Babcock test can be also affected by extreme 
variations in room temperatures because the fat column begins to 
move down\vard the instant the bottle is remoyed from the water bath. 
The downward moyement is faster in rooms of lower temperatures. 
Delays in reading the fat columns \"hen the room temperature is low, 
or even under normal conditions, might result in errors due to changes 
in the shape of the lowest part of the fat column, changes in the me­
niscus, and changes in the density of the fat. 
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Holding Time for Bottles in Water Bath 
Not specificd: 10 Sc\'cral minutes: Io wa (1) 
5 minutes: Ark., Colo., Del., Ind ., Ey., 3 minutes in law; 5 minutes in exten­
La., l11aine, ~Mass ., X ebr., N.II. , N.J., sion publication: Mich. (1) 
N.Y., Ohio, Pa., R.I., S.Dak., T enn., Until cquilibrium has been reached: 
T exas, n., ra., Wa sh., W .l 'a. (22) Ill., JI inn., 1110., S.C., Utah (5) 
10 minutes: Ariz., Calif., Kans., Mont ., 20 minutes : .V.C. (1) 
N.Mex. (5) 5 to 10 minutcs or until column is in 
at less than 3 minutes : Conn., J1d ., cqu ilibrium : Wis. (1) 
(2) 
l\1ichigan specific 3 minutes in the lavv, but 5 minutes in a publi­
cation from its College of Agriculture. If an unheated centrifuge is 
used in 'Visconsin, it is recommended that the bottles be held in the 
water bath 10 minutes before the fat columns are read. 
The ADSA1 in 1917 specified that the test bottles should be held 
in the water bath for not less than 3 minutes at 134.6° to 140° and 
that the water bath should be equipped "'ith controls to obtain the 
proper temperature. Since 1925 the A.O.A.C.3 has stated that the test 
bottles should be immersed to the top of the fat columns in the water 
bath at 134.9 ° to 140° and held until the fat attains equilibrium and 
the lowest surfaces have assumed final form. 
It is obvious that an equilibrium temperature of 135 0 to 140° can­
not be obtained in the fat column unless the water bath is equipped 
with a heater and a thermostat to maintain this temperature during 
the holding and reading period. 
Reading Fat Columns 
Not specifi ed: 11 Lowest to highest point; should not be 
Extreme bottom to extreme top: Ark., rcad if fat column is outside gradua­
Calif., Colo., Conn., Del., Ind., I owa, tion marks: Maine (1) 
Kans., Ky., 'AIass ., -'1ich ., M inn., 110., Lower line of separation to top of fat 
Mont., N ebr., N .JI., N.J., NT., Ohio, co lumn: l\,'ev., N.C. (2) 
Pa ., R.I ., S.C., S.Dak., T exas, Ulah, Di\'idcrs should always bc used: Ill. , 
Vt., Va., Wash., TV.l'a ., W is ., Wyo. La., T enn. (3) 
(31) 
Thirty-one states specify that the fat column shall be read from the 
extreme bottom to the extreme top, and while the 'wording is slightly 
different the same method of reading is implied in the regulations of 
tqree states. Illinois, Louisiana, and Tennessee specify that dividers 
should always be used . 
Goslee, chief of the state dairy division in Connecticut, specifies 
reading the tests from the extreme bottom to the top of the meniscus. 
He states12 that for many years in his department the recommendation 
has been to: "Read from the bottom of the fat column to the distinct 
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line that is formed by the upper meniscus. This line may be described 
as the line that \"ould be seen if a cup-shaped glas was held with the 
top of the cup at eye level. The line is yery distinct and can be de­
termined accurately with a properly lighted background and the space 
occupied by this cup-shaped meniscus is usually that occupied by 0.20 
percent of 1 percent on an 8 percent milk test bottle." He reported 
that this method of reading agreed closely \"ith the 1Iojonnier pro­
cedure. It is interest.ing to find that the regulations for 1951 for 
Connecticut state that the Babcock test -hall conform to the specifi­
cations adopted by the A.0.A.C.3 but the method of reading the test 
described by Goslee does not conform. 
Since 1925 the A.O.A.C. has said that the bottle should be wiped 
dry and the fat column measured with calipers or dividers from the 
lower surface to the highest point of the upper meniscus. Furthermore 
the fat column must be translucent, golden yellow, or amber, and free 
from particles of foreign materials. ~ 
Babcock4 recommended that the fat column be measured in a per­
pendicular position \vith the line between the acid liquid and the 
column of fat in a horizontal position and the calibrations leyel with 
the eye, thus permitting obseryation of the highest and the lowest 
limits of the fat column. He further cautioned," "The reading should 
be taken at the line \yhere the upper surface of the fat meets the side 
of the tube and not from the bottom of the dark line caused by the 
refraction of the curved surface." Babcock statecl4 that the fat column 
could be e~timated in half divisions, which was to 0.1 percent. Dahl­
bergll emphasized the difficulty of reading the meniscus and said , "One 
must assume the extreme upper end of the meniscus of the fat column 
to be that point at \yhich the fat seems to meet the wall of the glass 
rather than the high point to ,yhich the fat is dra\yn a long the glass 
in a film by capillary attraction ." Dahlberg's observation was con­
firmed by Herreid, ' ¥hitman, and SlackY In some dairy plants tech­
nicians read Babcock tests without divider:::, a questionable practice. 
Different technicians1 haye obtained yalues for the meniscus of 0.05 
to 0.20 percent on the bottle reading by measuring the fat column be­
fore and after the meniscus was eliminated with glymol. Bailey' re­
ported t hat twenty-b\'o technicians read the Babcock test from 0.006 
to 0.076 percent on the average above the Roese-Gottlieb method. H e 
reported differences between some technicians of as much as 0.085 
percent. H e attributed these variations partly to the upper meniscus 
being measured at different points. 
Because of the difficulty in estimating the meniscus and because 
the Babcock tests yield results \\'hich average about 0.05 to 0.07 per­
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cent higher than those obtained with the Mojonnier method, a com­
mittee in the American Dairy Science Association20 contributed a 
modification of the Babcock method whereby the sample of milk is 
increased to 18.36 grams and a mineral oil (glymol) is used to elimi­
nate the meniscus before reading the fat columns. This test agrees 
closely with the 110jonnier method. A committee in Australia26 has 
also recognized the fact that the Babcock test yields higher results than 
the ether-extraction method. This committee, however, has suggested 
a reduction of the sample from 18 to 17.82 grams of milk and includes 
the meniscus in the fat reading. This would lower the test of 4-per­
cent milk to 3.96 percent. A suggestion has been made26 to read 
the present Babcock test to the nearest 0.1 percent below the actual 
reading. This would mean that all tests, for example, from 3.30 to 3.39 
would be read as 3.30 percent, resulting in an average correction of 
0.045 percent. This would bring the Babcock and Mojonnier methods 
into closer agreement. It would also be possible to tandardize the 
Babcock test to agree with the 110jonnier method by increasing the 
volume of the sample and reading the upper meniscus from its lowest 
instead of from its highest point. This has always been the accepted 
practice for reading burettes. 
Reading the fat column with the aid of hand calipers has been 
done in the same way for years. Some investigators have suggested 
more refined methods but they have not been widely accepted by the 
industry. For example, White2D employed better lighting conditions to 
show the outline of the meniscus more plainly and thereby reduced the 
difference between the Mojonnier and Babcock methods. HortveP2 
devised an instrument for estimating fat columns but it was not used 
extensively in dairy laboratories. Herreid15 improved Hortvet's appa­
ratus so that fat reading could be made more accurately under stand­
ard conditions. Theophilus and Barnett27 used a device with a 50-watt 
blue bulb enclosed in a container with an opening from which a clear 
definition of the meniscus was obtained. Wilster and Robichaux32 re­
ported the use of a device to read the fat columns. Mojonnier Brothers 
Company show in their catalog an apparatus called the Wagner Junior 
Column-meter which is designed to read the fat columns. 
Closeness of Fat Readings 
Not specified: 42 
To nearest 1/10 division: 
La., Maine, Md., Mont., N.J. (5) 
To nearest l/tO division, do not record 
fractions of diyisions: N.Y. (1) 
----------------------------...... ~I~ 
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It is a policy in New H ampshil'e1 :3 to read fat tests to the nearest 
higher 0.1 percent, but no law requires this method. The A.O.A.C. has 
not indicated in specific figures how close the fat test should be read . 
T echnicians and some regulatory officials read the Babcock test 
to the nearest 0.025 and 0.05 percent, but no data haye been published 
to indicate the statistical reliability of this method of reading. The 
accepted general practice is to read test:-:; to the nearest 0.1 percent. 
GLASSWARE 
Specifications 
Not specified: 21 Standard Rpecifications but not in­
Standard specifications included: Cali!., cluded: Ariz., Del. , I daho, Kans ., 
Conn ., I nd ., J\. y., l1Id., ·Mass ., l11inll., .110., ~V.H., Ohio, Utah, W is. (9) 
Nebr., NT., N.Dak., Oreg., S.C., 10% bott le: Ill., Mont., l'a. (3) 
T exas, Wash. (14) Giyes detail s for calibrat ing: iV.C. (t) 
The standard specifications indicated by twenty-three states are 
presumed to be those of t he A.O.A.C. :~ which were adopted as a result 
of collaborat ion with the National Bureau of Standards and the Ameri­
can D airy Science A sociation. The :-::pecifications for glassware are 
given in detail by t he A.O.A.C. and include the following pieces: 
IVIilk-test bottle; 18-gram, 6-inch , and graduated in 0.1 percent from 
o to 8 percent. Cream-test bottles; 9-gram, 6-inch , graduated in 0.5 
percent from 0 to 50 percent; 9-gram, 9-inch, graduated in 0.5 percent 
from 0 to 50 percent; 18-gram, 9-inch, graduated in 0.5 percent from 0 
to 50 percent. Milk pipet calibrated to contain 17.6 ml. of water 
at 68 °. 
Besides the 18-gram 8-percent bottle, two other milk-te-·t bottles 
are used in this count ry but neither is approved for milk by the ADSA 
or A.O.A.C. One bottle is calibrated from 0 to 10 in 0.2 percent divi­
sions; it is legal to use t his bottle in Illinois. The other bottle is 
calibrated from 0 to 10 in 0.1 percent divisions which are about the 
same distance apart (0.8 111m.) as the divisions in the 8-percent bottle. 
The necks of the 8-percent bottle calibrated in O.l-percent divi ions 
and of the 10-percent bottle calibrated in 0.2-percent divisions are 
about 65 and 70 mm. long, respectively, which means the fat column 
can be read more accurately in t he 8-percent bottle because it has a 
neck '~T ith a smaller bore and with finer calibrations. For th is reason 
t he ADSA l over thirty years ago approved only the 8-percent bottle. 
Furthermore Bailey7 showed more than t hirty years ago that the 10­
percent bottle yielded fat readings slightly more than 0.02 percent 
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higher than did the 8-percent bottle, chiefly because in the 10-percent 
bottle the meniscus is slightly deeper. The graduated necks on the 
present 8-percent and 10-percent bottles \vhich are calibrated in 0.1­
percent divisions, are about 65 and 77 mm. in length, respectively. Both 
can therefore be read with the same degree of precision. 
Other types of cream-test bottles are manufactured and used in 
some states. They are calibrated from 0 to 30, 0 to 40, 0 to 50, 0 to 55, 
and 0 to 60 percent with divisions varying from 0.2 percent to 0.5 
percent. So far as the authors are aware, no comparison of the accuracy 
of these individual bottles for cream with the accuracy of the official 
ether extraction method has been published. In design these bottles are 
like the official ones, and they are assumed to give as accurate results. 
The A.O.A.C. specifications further provide that the maximum error 
of the total graduations in a bottle, or of any part of the graduations, 
shall not exceed the volume of the smallest unit of graduation. In so 
far as could be interpreted, all states having v\ell-defined specifications 
have adopted these tolerances. 
vVhere specifications for glassware have been adopted and published 
by the A.O.A.C. , the authors do not feel that they need to be included 
word for word in laws regulating the Babcock test. 
Certifying Glassware 
Not specified: 20 
R equired: Ariz., Cali/., Conn., Del., Idaho, Ind., Kans., 
Ky., Maine, Md., Mass., Mich., Minn., N ebr., N.H., N.J., 
N. Y., Oreg ., Pa., R.I., T enn., Vt., Va. (23) 
Sealed: La., Miss., N .Mex., Wash ., W is . (5) 
It is the author' opinion that the manufacturers should be held 
responsible for the accuracy of the glassware used in testing. Each 
should be under bond to the state to calibrate and mark permanently 
each milk- and cream-test bottle and pipet with its name or trade­
mark and the word "Sealed." Some states in recent years have adopted 
this system, which eliminates the need for a state laboratory to test 
the accuracy of glassware. Commercial laboratories in general have for 
many years tested the accuracy of glassware other than that used for 
the Babcock test. 
..... 
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RECOMMENDATIONS 
The following items associated with the Babcock test affect its 
accuracy, and it is recommended that they be tandardized. These 
recommendations are based upon what is believed to be the best evi­
dence and experience at the present time. 
1. Mixing milk in weighing tanks. Require equipment that will 
insure that statistically accurate samples can be obtained. 
2. Handling composite samples. They should be tightly stoppered, 
properly numbered, refrigerated at 35 ° to 45 ° F. , and preferably used 
for not longer than h\'o weeks. 
3. Preparing fresh and preserved composite samples. Use water 
baths thermostatically controlled at 95 ° to 100°. Pipet milk into test 
bottle in this temperature range. 
4. Mixing samples. Distribute fat uniformly by pouring milk fo,ur 
t ime from original sample into mixing container. 
S. Centrifuges. Control them thermostatically at 135 ° to 140°. 
6. Water baths. Control them thermostatically at 135 ° to 140°. 
Discontinue using wheels having diameters of 10 or 12 inches. 
7. Water added between whirlings. Use distilled or deionized 
water. 
8. Reading the fat columns. Use a uniform source of adequate 
light and calipers that have two sharp points. 
9. Glassware. Have it certified for accuracy by the manufacturer. 
10. Agreement with Mojonnier method. Standardize the Bab­
cock test so that it agree statistically with the 110jonnier method. 
11. Trained technicians. They should have sufficient training to 
pass a rigid examination in the technical and practical phases of con­
ducting the Babcock test and demon. trate, in the presence of a trained 
supervisor, satisfactory proficiency in making fat tests in the dairy 
plant laboratory. 
The study of standardization of the Babcock test is being carried 
on by the American Dairy Science Association through the Association 
of Official Agricultural Chemists, which is the parent organization for 
all chemical and physical tests that are used extensively in industry 
and agriculture. When the results of this study are approved by official 
committees and are published in the Journal of the A.O.A.C. 'with sup­
porting data, the study will have acquired official recognition from the 
highest authority and can then be accepted by the individual states as 
a reliable method for estimating the fat content of milk. 
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Thc authors arc awarc of the problcms involvcd in getting the 
original Babcock tcst changcd and standardizcd, especially since 
spccific techniques ha\'c bcen \\Titten into the la\ys of some states. It 
\\'ill bc nccessary to changc thc laws in at least thirtecn statcs to legal ­
ize a modification of thc present Babcock test. It must be remembered, 
howeycr, that both thc dairy industry , which made the original sug­
gestion for improyemcnt of thc test, and thc regulatory agcncies are 
interestcd in improying and standardizing thc Babcock test. 
Standardization of the Babcock test and limited legislation are 
necessary, but both the standardization and the legislation should 
be flexible enough to be changed easily as research reveals better 
methods. 
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